(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
7 August 2003 (07.08,2003) 




PCT 



(10) International Publication Number 

WO 03/063904 A2 



(51) International Patent Classification 7 : 

41/00, 39/395 



A61K 45/00, MOLINAS SANABRIA, Carlos, Roger [ES/BE]; Mgr. 

Van Waeyenberghlaan 10 B9, B-3000 Leuven (BE). 



(21) International Application Number: PCT/EP03/00892 (74) Agents: BRANTS, Johan, Philippe, Emile et ah; De 

Clercq, Brants & Partners cv, E. Gcvaertdrecf 10a, B-9830 



(22) International Filing Date: 29 January 2003 (29.01.2003) 



(25) Filing Language: 



(26) Publication Language: 



English 



English 



(30) Priority Data: 

0201983.4 
0202379.4 
0225128.8 



29 January 2002 (29.0 1 .2002) GB 
4 February 2002 (04.02.2002) GB 
29 October 2002 (29. 1 0.2002) GB 



(71) Applicants (for all designated States except US): 
VLAAMS INTERUNIVERSITAIR INSTITUUT 
VOOR BIOTECHNOLOGIE VZW [BE/BE]; Rijviss- 
chestraat 120, B-9052 Zwijnaarde (BE). THROMB-X 
[BE/BE]; Onderwijs & Navorsing, Campus Gasthuisberg 
K.U. Leuven, Herestraat 49, B-3000 Leuven (BE). K.U. 
LEUVEN RESEARCH & DEVELOPMENT [BE/BE], 
Groot Begijnhof, Benedenstraat 58, B-3000 Leuven (BE). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): KONINCKX, 
Philippe [BE/BE]; Vuilenbos 2, B-3360 Bierbeek (BE). 
CARMELIET, Peter [BE/BE]; Sappelenbos 10, B-3052 
Blanden (BE). COLLEN, Desir* [BE/GB]; 28 Colling- 
ham Gardens, London, Greater London SW5 OHN (GB). 



Sint-Martens-Latem (BE). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MIC, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, SE, 
SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, SE, SI, 
SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, 
GQ, GW, ML, MR, NE, SN, TD, TO). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 



OS 

— 

)0 (54) Title: TISSUE ADHESION FORMATION CONTROL 
O 



S ( 57 ) Abstract: The present invention is concerned with compositions for use in the medical art. More particularly the invention 
relates to uses of inhibitors against hypoxia-induced genes for the manufacture of a medicament to prevent and/or to suppress post- 
Q operative/post-wounding adhesions formation. Post- operative adhesions are an unwanted result from surgery and are a major source 
^ of postoperative morbidity and mortality. The invention applies to human and veterinary applications. To date, no single therapeutic 
^ approach has proven universally effective in preventing formation of post-operative adhesions formations. 



WO 03/063904 



PCT/EP03/00892 



Tissue adhesion formation control 

Field of the invention 

The present invention is concerned with compositions for use in the medical art. More 
5 particularly the invention relates to uses of inhibitors against hypoxia-induced genes for 
the manufacture of a medicament to prevent and/or to suppress post-operative/post- 
wounding adhesions formation. Post-operative adhesions are an unwanted result from 
surgery and are a major source of postoperative morbidity and mortality. The invention 
applies to human and veterinary applications. To date, no single therapeutic approach has 
10 proven universally effective in preventing formation of post-operative adhesions 
formations. 

Background of the invention 

Post-operatiye adhesion formation (POA) is a frequent surgical complication in 

15 gynaecological, pelvic, and cardiological surgeries. Surgip^l trauma to the/tissues often 
causes permanent scar formation which connects the traumatized tissue to another 
organ. Thus at the site of such damage, internal tissues .{hat normally remain separate ... 
often become joined together. Complications arising form adhesion formation are 
intestinal obstructions, small bowel obstructions, chronic pelvic pain, and infertility in 

20 women. POA occurs both in traditional surgery and in laparoscopic surgery. Exact data 
on the prevalence and severity of these consequences are not available since 
adhesions vary with the severity of surgery, and since systematic second look 
laparoscopies cannot be performed for obvious ethical reasons. Adhesions occur in 
over 50 % of patients following a laparotomy, whereas the risk of re-intervention 

25 because of adhesions following a laparotomy was recently estimated at 35% within 10 
years in a large survey in Scotland (Ellis H. et al, Lancet 353:1476-1480, 1999). The 
morphological events involved in adhesion formation are well known (Holmdahl L et al, 
Eur J Surg Suppl 56-62, 1997 and DiZerega GS, Eur J Surg SuppI 10-16, 1997). A 
peritoneal defect will cause exudation, fibrin deposition, followed by an inflammatory 

30 reaction, fibrinolysis and complete reepithelialisation within 3 to 8 days. This rapid 
healing is a consequence of the regeneration of the mesothelial layer from multiple foci 
in the lesion and not from the borders as is found during repair of another epithelium. 
The direct consequence of this is that the duration of reepithelialisation is independent 
of the denuded area in the peritoneum. If this rapid healing process fails by an overload 

35 of fibrin (e.g. through bleeding), by a decreased fibrinolysis (e.g. as a consequence of a 
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more severe tissue trauma), resulting in a persistent fibrin matrix (Bittinger F, J Surg 
Res 82:28-33, 1999), or by the presence of a prolonged inflammatory reaction (e.g. by 
an infection or by suture material), this will lead to prolonged fibroblast proliferation, 
collagen deposition, angiogenesis and ultimately adhesion formation. However, the 
5 biochemical and cellular processes involved in the healing process and in adhesion 
formation are largely unknown (Holmdahl L and Ivarsson ML: Eur J Surg 165:1012- 
1019, 1999), and this is reflected in the still inadequate clinical prevention of adhesion 
formation. In animal models postoperative adhesions can be reduced by a variety of 
agents such as the intraperitoneal application of anti-inflammatory drugs (Rodgers KE 

10 Prog Clin Biol Res 358:1 1 9-1 29, 1 990), t-PA to increase fibrinolysis, as the introduction 
of an overload of mesenchymal cells in the peritoneal cavity after surgery (Bertram P et 
al Eur J Surg 165:705-709, 1999). Adhesion formation pan , also be modulated by 
cytokines, as TGF-p and TNF-a (Chegini N et al J Soc Gynecol Investig 6:153-157, 
1999), calcium channel blockers, phospholipase a, sodium-carboxymethyl-cellulose, 

15 vitamine-E and phosphatidylinositol. Clinically the prevention of adhesion formation is 
based upon good surgical technique, which consist mainly in avoiding bleeding and 
tissue trauma either mechanically or by desiccation. Adhesion formation can further be 
reduced by various approaches such as soluble or mechanical barrier methods (Haney 
AF and Doty E: Fertil Steril 70:145-151, 1998; Diamond MP Fertil Steril 69:1067-1074, 

20 1998; Sawada T. et al, Hum Reprod 14:1470-1472, 1999; Wiseman DM J Reprod Med 
44:325-331, 1999; Thornton MH. Et al Hum Reprod 13:1480-1485, 1998), or by the 
inhibition of the inflammatory reaction by corticoids and/or non steroidal anti- 
inflammatory agents (Buckenmaier CC. et al, Am Surg 65:274-282, 1999). In extreme 
cases, debilitating adhesions can-be treated by adhesiotomy, surgical section or lysis 

25 of the adhesion (adhesiolysis). Endoscopic surgery, so-called minimal invasive surgery, 
has been claimed to cause less postoperative adhesions than a laparotomy but the 
data to support this are conflicting. The discrepancy in the reported results can be 
explained to some extend by the duration of surgery which was not taken into account 
in these studies. Indeed we recently demonstrated . that the duration of C0 2 

30 pneumoperitoneum is a major cofactor in adhesion formation in rabbits (Ordonez JL, 
Dominguez J, Evrard V, Koninckx PR: Hum Reprod 12:2654-2657, 1997; Molinas CR, 
Koninckx PR: Hum Reprod 15:1758-1763, 2000 and Yesildaglar N, Koninckx PR: 
Adhesion formation in intubated rabbits increases with high insufflation pressure during 
endoscopic surgery. Hum Reprod 15:687-691, 2000) and in mice (Molinas CR, 

35 Mynbaev O, Pauwels A, Novak P, Koninckx PR: Fertil" Qteril 76:560-567, 2001 and 
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Yesildaglar N, Ordonez JL, Laermans I, Koninckx PR: Hum Reprod 14:55-59, 1999). 
Numerous patents are available in the art that claim methods and compositions for the 
prevention of adhesion formation. In general, the treatments fall into different 
categories such as (i) (bio)mechanical by avoiding direct contact between tissues, (ii) 
5 prevention of fibrin or collagen deposition in the peritoneal exudate or removal of fibrin 
deposit, (iii) reduction of local tissue inflammation, (iv) inhibition of oxidative damage to 
tissue, (v) inhibitors of vitronectins or (vi) anoxaemia preventing compounds or 
combinations thereof. So far none of the existing therapeutic approaches has proven 
universally effective in preventing postoperative adhesion formation. There is still a 

10 need for compositions and methods which can be used safely and effectively to 
prevent adhesion formation in a variety of different settings. It has been shown in the 
art that an important factor that causes adhesion formation during surgery is 
hypoxaemia (Molinas CR and Koninckx PR (2000) Hum. Reprod. 15(8): 1758-63). 
Hypoxia has indeed a dramatic effect on gene expression and micro-array reports 

15 described in the art refer to at least 10% of the genes that have a change in expression 
in the studied systems (Jin K et al (2002) Neurochem. Res. 27(10): 1105-12). In the 
present invention we have identified several genes which over-expression in hypoxic 
conditions lead to an enhanced adhesion formation. We have shown that the inhibition 
of the expression of vascular endothelial growth factor-B (VEGF-B), placental growth 

20 factor (PIGF) and Hypoxia inducible factors (HIF) leads to a remarkable suppression of 
postoperative adhesion formation. 
Figures: 

Figure 1 : The rabbit and mouse laparoscopic model 

Figure 2: Effect of duration of C0 2 pneumoperitoneum upon adhesion formation in non- 
25 intubated rabbits (A) and mice (B). Mean ± SEM is indicated together with P value 
(Wilcoxon). 

Figure 3: Effect of insufflation pressure (5 vs. 20 mm of Hg) and flow rate (1 vs. 10 l/min) 
in intubated rabbits (A) and of insufflation pressure (5 vs. .15 cm of water) and duration of 
pneumoperitoneum (10 vs. 60 min) in intubated mice (B) upon adhesion formation. Mean 
30 ± SEM is indicated together with P value (two-way analysis of variance). (A: Hum Reprod 
15, 687-691; B: Fertil Steril, 76, 560-567). 

Figure 4: Effect of the addition of different proportions of oxygen to C0 2 
pneumoperitoneum upon adhesion formation in rabbits (A) and mice (B). Mean ± SEM is 
indicated together with P value (Wilcoxon). (B: Fertil Steril, 76, 560-567). 
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Figure 5: Effect of insufflation gas (C0 2 ■ vs. helium □), duration of pneumoperitoneum 
(10 vs. 45 min) and addition of oxygen (0 vs. 4%) in rabbits (A) and of insufflation gas 
(C02 vs. helium) and addition of oxygen (0 vs. 3%) in mice (B) upon adhesion formation. 
Mean ± SEM is indicated together with P value (two-way analysis of variance). (A: Hum 
5 Reprod 15, 1758-1763; B: Fertil Steril, 76, 560-567) 

Aims and detailed description of the invention 

This invention relates to compositions for treatment (particularly the prevention or 
10 suppression) of formation or reformation of adhesions, particularly in the peritoneal or 
pelvic cavities resulting from wound, surgery, infection, inflammation or trauma. The 
invention provides compositions and methods useful for inhibiting, suppressing or 
ameliorating adhesion formation in mammals, including humans. The invention applies to 
human and veterinary applications. The inventive composition and method have been 
15 shown to be especially effective in preventing adhesion formation in the peritoneum 
following surgery. In addition, the present invention finds utility in other contexts, e.g., for 
cardiovascular, orthopedic, thoracic, ophthalmic, CNS and other uses, where prevention 
of the formation of adhesions is a significant concern. 

20 Some terms and definitions in the present invention will be defined first. The term 
"adhesion formation" as used herein in its medical sense refers to conglutination, the 
process of adhering or uniting of two surfaces or parts. For example, the union of the 
opposing surfaces of a wound, or opposing surfaces of peritoneum. Also, adhesions, in 
the plural, can refer to inflammatory bands that connect opposing serous surfaces. The 

25 term adhesion, as used herein, also includes fibrinous adhesions, which are adhesions 
that consist of fine threads of fibrin resulting from an exudate of plasma or lymph, or an 
extravasion of blood. Keloid, a smooth overgrowth of fibroblastic tissue that arises in an 
area of injury or, occasionally, spontaneously is also a form of adhesion. Basal adhesion 
formation as used herein in its medical sense is the basal level of adhesion formation that 

30 occurs after injury wounding (e.g. surgery) exposed to an atmosphere which contains 
sufficient oxygen to avoid a condition of hypoxia or of hyperoxia. Under the experimental 
conditions intubation of small animals with C02 pneumoperitoneum without oxygen 
increased levels of postoperative adhesion formation ("hypoxia enhanced adhesion 
formation"). The term "anoxemia" as used herein means in its medical sense i.e. a 

35 decreased availability of oxygen to the cell and the consequences thereof. Anoxemia 
therefore also comprises hypoxemia, which can be a consequence of decreased oxygen 
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delivery to the cells (e.g. by decreased oxygen concentration in the air or by a failing 
delivery system such haemoglobin or cardiovascular) or by decreased capacity of the 
cells to use oxygen. 

The term "pharmaceutically acceptable" is used adjectivally herein to mean that the 
5 modified noun is appropriate for use in a pharmaceutical product. The term "treatment" 
refers to any process, action, application, therapy, or the like, wherein a mammal, 
including a human being, is subject to medical aid with the object of improving the 
mammal's condition, directly or indirectly. In the current invention "treatment" refers to 
prevention. When adhesion formation is prevented it means here that the occurrence of 
10 adhesion formation is suppressed as compared with the mammal not treated with an 
inhibitor (e.g. HIF- or PIGF or VEGF-B - inhibitor) of the invention. Suppression means 
that adhesion formation and more specifically postoperative adhesion formation occurs for 
at least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or even 100% less than compared 
with the mammal as compared with the mammal not treated with an inhibitor (e.g. HIF- or 
15 PIGF or VEGF-B - inhibitor) of the invention. Adhesion formation can be measured (or 
scored) as described herein further in the examples. 

In one embodiment the invention provides the use of a compound that inhibits the 
expression and/or activity of a hypoxia-induced gene for the manufacture of a medicament 
for treatment adhesion formation wherein said hypoxia induced gene is selected from: a 
hypoxia inducible factor, placental growth factor and vascular endothelial growth factor-B. 
The term 'a compound that inhibits the expression 1 refers here to gene expression and 
thus to the inhibition of gene transcription and/or translation of a gene transcript (mRNA) 
such as for example the PIGF gene or PIGF mRNA. Preferably said inhibition is at least 
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or even higher. The term 1 a compound that 
inhibits the activity 1 refers here to the protein that is produced such as the PIGF protein. 
Said inhibition of activity leads to a diminished interaction (e.g. in the case of PIGF with 
the VEGFR-1) with its receptor and an inhibition of signal transduction, or a diminished 
transactivation (as in the case of hypoxia inducible factors which are transcription factors). 
Preferably said inhibition is at least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or even 
higher. 

Thus in another embodiment the present invention is based on the finding that adhesion 
formation can be treated (suppressed or minimised) by inhibiting the expression and/or 
activity of a hypoxia-inducible factor (HIF) such as HIF 1 -alpha and/or HIF 2-alpha. More 
particularly the adhesion formation induced by anoxemia and/or mesothelial hypoxia in 
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human or non-human mammalian can be suppressed or minimised by inhibiting the 
expression and/or activity of hypoxia-inducible factors such as HIF 1 -alpha or HIF 2-alpha. 
Hypoxia-inducible factors are hetero-dimeric transcription factors consisting of an alpha- 
and a beta-subunit, both belonging to the basic-helix-loop-helix (bHLH)-PAS 
5 [Per/arylhydrocarbon receptor nuclear translocator (ARNT)/Sim] protein superfamily. The 
alpha-subunit was found to be identical to the ARNT, whereas the beta-subunit, first 
cloned from the human hepatoma cell line Hep3B, was identified as a novel protein and 
named HIF1 (Wang, G. L et al Proc. Natl. Acad. Sci. U.S.A. 92, 5510-5514). HIF1 is a 
member of the PAS superfamily 1 (MOP1) (Hogenesch, J. B., et al J. Biol. Chem. 272, 

10 8581-8593). Besides HIF1, two other HIF-subunits were cloned from human and mouse 
sources, HIF2 (Hogenesch, J. B., et al J. Biol. Chem. 272, 8581-8593) and HIF3 (Gu, Y. 
Z., et al Gene Expr. 7, 205-213). They also belong to the bHLH-PAS superfamily of 
transcription factors and form heterodimers with ARNT. HIF2, the term first introduced by 
Wengerand Gassmann (Wenger, R. H, and Gassmann, M. (1997) Biol. Chem. 378, 609- 

15 616), is also known as endothelial PAS domain protein 1 (EPAS1) (Tian, H., et al. (1997) 
Genes Dev. 1 1 , 72-82), HIF1 -like factor (HLF) (Etna, M., et al Natl. Acad. Sci. U.S.A. 94, 
4273-4278) and HIF-related factor (HRF), and it is a member of the PAS superfamily 2 
(MOP2) (Hogenesch, J. B. f et al J. Biol. Chem. 272, 8581-8593). HIF3 is also referred to 
as MOP7 (Hogenesch, J. B. f et al J. Biol. Chem. 272, 8581-8593). Purified HIF- 1, its 

20 amino acid sequence and polynucleotide sequence are disclosed by Wang et al. (1995) 
Proc. Natl. Acad. Sci. USA 92, 5510-5514 and in WO 96/39426. Kietzmann Thomas 
(Biochem. J. (2001) 345, 531-537 cloned, sequenced and functionally expressed 
HIFIalpha, HIF2alpha and HlF3alpha cDNA's from RNA of primary rat hepatocytes. 
More specifically, the invention is directed to the usage of molecules that act as inhibitors 

25 (or antagonists) of hypoxia inducible factors such as antibodies and functional fragments 
derived thereof, anti-sense RNA and DNA molecules (e.g. polynucleotide sequences), 
ribozymes that function to inhibit the translation of hypoxia inducible factors, and a 
dominant negative form of a hypoxia inducible factor all capable of interfering/or inhibiting 
the HIF mediated transactivation. A dominant negative form a hypoxia inducible factor can 

30 be a hypoxia inducible factor that still bind on HIF-responsive elements on genes normally 
activated by HIF-transcription factors but has lost its capacity for transactivation (so that 
said genes are not expressed anymore). Small molecules can also interfere by binding on 
the promoter region of HIF and inhibit binding of a transcription factor on said HIF 
promoter region so that no HIF mRNA is produced or said molecules can bind to HIF itself 

35 and prevent binding of HIF to a HIF-DNA binding site on a HIF-responsive promoter. In a 
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particular embodiment the HI F inhibitor that can be used in the present invention for the 
manufacture of a medicament for treatment of adhesion formation is an agent capable of 
inhibiting the gene regulating function of a functional domain of HIF by blocking or 
inhibiting HIF binding to a hypoxia response element on DNA. Preferably this inhibitor is 
5 capable of inhibiting the gene regulating function of a functional domain of HIF 1 alpha, by 
blocking or inhibiting its binding to a hypoxia response element on DNA such as the core 
sequence 5-RCGTG-3' recognised by said HIF-1alfa or alternatively an inhibitor may be 
capable of inhibiting the gene regulating function of a functional domain of HIF 2alpha, by 
blocking or inhibiting its binding to a hypoxia response element on DNA. Thus preferably 

10 an inhibitor is an agent capable of binding to the DNA binding site of a hypoxia inducible 
factor and said inhibitor inhibits the DNA-binding activity of said hypoxia inducible factor. 
In yet another particular embodiment said HIF-inhibitor to be used is an inhibitory 
nucleotide sequence for manufacturing a medicament for treatment of adhesion formation. 
In yet another embodiment several inhibitors of hypoxia inducible factors that are 

15 described in the art can be used in the present invention for the manufacture of a 
medicament for treatment of adhesion formation. Examples comprise (1) WO0076497 
discloses the use of antisense HIF for tumour treatment, (2) WO0236574 discloses 
geldanamycin derivatives that inhibit HIF which can be used for cancer treatment, (3) 
WO01 93841 discloses barbituric acid analogs as HIF inhibitors, (4) WO0202609 discloses 

20 inhibitory polypeptides useful as HIF inhibitors, (5) Fatyol K. and Szalay A.A. (2001) J. of 
Biol. Biochem. 276, 30, 28421 describe a tumour suppressor protein, p14 ARF that is able to 
inhibit HIF-mediated transcription, (6) Camenisch G. et al (1999) Faseb J. 82, 13, 81 
disclose antibodies against HIF. In addition compounds are known to inhibit the ubiquitin- 
proteasome-dependent degradation of hypoxia-inducible factor proteins. An example is 

25 PR39 (Li et al (2000) Nat Med 6(1): 49-55) which is a highly basic arginine/proline-rich 
peptide originally isolated from porcine intestine on the basis of its antibacterial activity. 
PR39 which is predominantly produced by blood-derived macrophages, is found at the 
sites of active inflammation, including skin wounds and myocardial infarction. In addition 
PR39 can rapidly cross cell membranes. The active sequence of PR39 is located in the 

30 first 1 1 amino acids. PR-1 1 is a truncated form of PR-39, composed of these 1 1 amino 
acids (NH 2 -Arg-Arg-Arg-Pro-Arg-Pro-Pro-Tyr-Leu-Pro-Arg-COOH - SEQ ID NO 1). In a 
specific embodiment PR-1 1 or peptidomimetics thereof is used for the manufacture of a 
medicament to treat adhesion formation. In yet another embodiment Benzoquinone 
anzamycine or derivatives such as 17-allyl-aminogeldamycin (17AAG) which are known to 

35 degradate HIF-1 alpha protein in a dose and time dependent manner under both normoxia 
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and hypoxia conditions (Nabjeesh et al Caner Research May 2002, 62 (9): 2478 - 2482) 
or such as radicicol (C18, M17 CL06) or ansamycin also known to enhance degradation 
of HIF-1 alpha (hhtp://www.agscientific.com/item/R1 130.htm) can be used for the 
manufacture of a medicament for treatment of adhesion formation. Among these 
5 macrolides at least 1 7-allyl-aminogeldamycin is under development to a pharmaceutical in 
clinical phase (Neckers L Trends in Molecule Medicine 2002, 8 (4) Suppl S. 855 - S61) 
and can also be used for the manufacture of a medicament for treatment of adhesion 
formation. Other compounds known to inhibit or suppress stress-mediated HIF1 alpha 
accumulation in cells are compounds such as gadolinium, wortmannin and rapamycin 

10 (Kim CH et al Circulation Feb.8 (2002), 90 (2) 25 - 33) can also be used for the 
manufacture of a medicament for treatment of adhesion formation. Oral Rapamycin 
(Rapamine ®. Sinolimus is under clinical development for restenosis (ORBIT clinical trial) 
and it has been demonstrated that it can be safely administered to patients. Yet another 
small molecule that inhibits hypoxia inducible factor -1 alpha (HIF-1 alpha) is the 

15 anticancer drugs PX 478 (Prolx Pharmaceutical), which is under clinical development, can 
be used for the manufacture of a medicament for treatment of adhesion formation. 

In yet another embodiment the present invention shows that adhesion formation is 
significantly suppressed in adult PIGF 7- mice and that adhesion formation can be 

20 suppressed by the usage of inhibitors of PIGF. Thus in one embodiment the present 
invention relates to the usage of molecules which comprise a region that can specifically 
bind to placental growth factor or to its receptor (vascular endothelial growth factor 
receptor-1) and consequently said molecules interfere with the binding of PIGF to its 
receptor interfering with the signal transduction of PIGF and said molecules can be used 

25 for the manufacture of a medicament for treatment of adhesion formation. Thus more 
specifically the invention relates to molecules that neutralize the activity of PIGF by 
interfering with its synthesis, translation, dimerisation, receptor-binding and/or receptor- 
binding-mediated signal transduction. By molecules it is meant peptides, tetrameric 
peptides, proteins, organic molecules, mutants of the VEGFR-1, soluble receptors of 

30 VEGFR-1 and any fragment or homologue thereof having the same neutralizing effect as 
stated above. Also, the invention the molecules comprise antagonists of PIGF such as 
anti-PIGF antibodies and functional fragments derived thereof, anti-sense RNA and DNA 
molecules and ribozymes that function to inhibit the translation of PIGF, all capable of 
interfering/or inhibiting the VEGFR-1 signal transduction. By synthesis it is meant 

35 trancription of PIGF. Small molecules can bind on the promoter region of PIGF and inhibit 
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binding of a transcription factor or said molecules can bind said transcription factor and 
inhibit binding to the PIGF-promoter. By PIGF it is meant also its isoforms, which occur as 
a result of alternative splicing, and allelic variants thereof. As a result of alternative 
splicing, three PIGF RNAs encoding monomeric human PIGF-1, PIGF-2 and PIGF-3 
5 isoform precursors containing 149, 179 and 219 amino acid residues, respectively, have 
been described. In normal mouse tissues, only one mouse PIGF mRNA encoding the 
equivalent of human PIGF-2 has been identified. Suitable inhibitors of PIGF described in 
WO01 85796 can also be used for the manufacture of a medicament for treatment of 
(post-operative) adhesion formation. 

10 In yet another the invention provides the use of molecules that inhibit the expression 
and/or activity of vascular endothelial growth factor-B for the manufacture of a 
medicament for treatment of adhesion formation. Thus more specifically the invention 
relates to the use of molecules that neutralize the activity of VEGF-B by interfering with its 
synthesis, translation, receptor-binding and/or receptor-binding-mediated signal 

15 transduction. By molecules it is meant peptides, tetrameric peptides, proteins, organic 
molecules, having the same neutralizing effect as stated above. Also, in this invention the 
molecules comprise antagonists of VEGF-B such as anti-VEGF-B antibodies and 
functional fragments derived thereof, anti-sense RNA and DNA molecules and ribozymes 
that function to inhibit the translation of VEGF-B, all capable of interfering/or inhibiting the 

20 VEGF-B signal transduction. By synthesis it is meant trancription of VEGF-B. Small 
molecules can bind on the promoter region of VEGF-B and inhibit binding of a 
transcription factor or said molecules can bind said transcription factor and inhibit binding 
to the VEGF-B-promoter so that there is no expression of VEGF-B. 

25 The term 'antibody' or 'antibodies 1 relates to an antibody characterized as being 
specifically directed against PIGF, VEGFR-1, VEGF-B, HIF or any functional derivative 
thereof, with said antibodies being preferably monoclonal antibodies; or an antigen- 
binding fragment thereof, of the F(ab') 2 , F(ab) or single chain Fv type, or any type of 
recombinant antibody derived thereof. These antibodies of the invention, including specific 

30 polyclonal antisera prepared against PIGF, VEGFR-1, VEGF-B, HIF or any functional 
derivative thereof, have no cross-reactivity to others proteins. The monoclonal antibodies 
of the invention can for instance be produced by any hybridoma liable to be formed 
according to classical methods from splenic cells of an animal, particularly of a mouse or 
rat immunized against PIGF, VEGFR-1 , VEGF-B, HIF or any functional derivative thereof, 

35 and of cells of a myeloma cell line, and to be selected by the ability of the hybridoma to 
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produce the monoclonal antibodies recognizing PIGF, VEGFR-1 , VEGF-B, HIF or any 
functional derivative thereof which have been initially used for the immunization of the 
animals. The monoclonal antibodies according to this embodiment of the invention may 
be humanized versions of the mouse monoclonal antibodies made by means of 
recombinant DNA technology, departing from the mouse and/or human genomic DNA 
sequences coding for H and L chains or from cDNA clones coding for H and L chains. 
Alternatively the monoclonal antibodies according to this embodiment of the invention may 
be human monoclonal antibodies. Such human monoclonal antibodies are prepared, for 
instance, by means of human peripheral blood lymphocytes (PBL) repopulation of severe 
combined immune deficiency (SCID) mice as described in PCT/EP 99/03605 or by using 
transgenic non-human animals capable of producing human antibodies as described in 
US patent 5,545,806. Also fragments derived from these monoclonal antibodies such as 
Fab, F(ab)' 2 and ssFv ("single chain variable fragment"), providing they have retained the 
original binding properties, form part of the present invention. Such fragments are 
commonly generated by, for instance, enzymatic digestion of the antibodies with papain, 
pepsin, or other proteases. It is well known to the person skilled in the art that monoclonal 
antibodies, or fragments thereof, can be modified for various uses. The antibodies 
involved in the invention can be labeled by an appropriate label of the enzymatic, 
fluorescent, or radioactive type. 

Small molecules, e.g. small organic molecules, and other drug candidates can be 
obtained, for example, from combinatorial and natural product libraries. 
Random peptide libraries, such as the use of tetrameric peptide libraries such as 
described in WO01 85796, consisting of all possible combinations of amino acids attached 
to a solid phase support may be used in the present invention. Also transdominant- 
negative mutant forms of VEGF- receptors (e.g. a transdominant-negative receptor of 
VEGF-R1) can be used to inhibit the signal transduction of PIGF or VEGF-B. Said 
transdominant-negative mutant forms of VEGF-receptors are fully described in US patent 
5,851,999. Also within the scope of the invention is the use of oligoribonucleotide 
sequences, that include anti-sense RNA and DNA molecules and ribozymes that function 
to inhibit the translation of VEGFR-1 mRNA or PIGF mRNA or HIF mRNA or VEGF-B 
mRNA. Anti-sense RNA and DNA molecules act to directly block the translation of mRNA 
by binding to targeted mRNA and preventing protein translation. In regard to antisense 
DNA, oligodeoxyribonucleotides derived from the translation initiation site, e.g., between - 
10 and +10 regions of the VEGFR-1 or PIGF or HIF or VEGF-B nucleotide sequence, are 
preferred. Ribozymes are enzymatic RNA molecules capable of catalyzing the specific 
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cleavage of RNA. The mechanism of ribozyme action involves sequence specific 
hybridization of the ribozyme molecule to complementary target RNA, followed by a 
endonucleolytic cleavage. Within the scope of the invention are engineered hammerhead 
motif ribozyme molecules that specifically and efficiently catalyze endonucleolytic 
5 cleavage of VEGFR-1 or PIGF or HIF or VEGF-B RNA sequences. Specific ribozyme 
cleavage sites within any potential RNA target are initially identified by scanning the target 
molecule for ribozyme cleavage sites which include the following sequences, GUA, GUU 
and GUC. Once identified, short RNA sequences of between 15 and 20 ribonucleotides 
corresponding to the region of the target gene containing the cleavage site may be 

10 evaluated for predicted structural features such as secondary structure that may render 
the oligonucleotide sequence unsuitable. Both anti-sense RNA and DNA molecules and 
ribozymes of the invention may be prepared by any method known in the art for the 
synthesis of RNA molecules. These include techniques for chemically synthesizing 
oligodeoxyribonucleotides well known in the art such as for example solid phase 

15 phosphoramidite chemical synthesis. Alternatively, RNA molecules may be generated by 
in vitro and in vivo transcription of DNA sequences encoding the antisense RNA molecule. 
Such DNA sequences may be incorporated into a wide variety of vectors which 
incorporate suitable RNA polymerase promoters such as the 17 or SP6 polymerase 
promoters. Alternatively, antisense cDNA constructs that synthesize anti-sense RNA 

20 constitutively or inducibly, depending on the promoter used, can be introduced stably into 
cell lines. 

In a specific embodiment it should be clear that the therapeutic method of the present 
invention for the treatment of suppression of adhesion formation can also be used in 
combination with any other therapy known in the art for the treatment of post operative 

25 adhesion formation. The invented compositions for preventing adhesion formation are 
preferably administered in conjunction with a drug delivery system which maintains an 
effective concentration of the compound at a site of potential adhesion formation during 
the perioperative interval. These inhibitors for use in treatment of suppressing and/or 
minimising adhesion formation can be administered as the primary therapeutic agent or 

30 can be co-administered with one or more additional therapeutic agents. 

The term 'medicament to treat' relates to a composition comprising molecules as 
described above and a pharmaceutical^ acceptable carrier or excipient (both terms can 
be used interchangeably) to treat diseases as indicated above. Suitable carriers or 
excipients known to the skilled man are saline, Ringer's solution, dextrose solution, 

35 Hank's solution, fixed oils, ethyl oleate, 5% dextrose in saline, substances that enhance 
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isotonicity and chemical stability, buffers and preservatives. Other suitable carriers 
include any carrier that does not itself induce the production of antibodies harmful to the 
individual receiving the composition such as proteins, polysaccharides, polylactic acids, 
polyglycolic acids, polymeric amino acids and amino acid copolymers. The 'medicament' 
5 may be administered by any suitable method within the knowledge of the skilled man. The 
preferred route of administration is parenterally. In parental administration, the 
medicament of this invention will be formulated in a unit dosage injectable form such as a 
solution, suspension or emulsion, in association with the pharmaceutical^ acceptable 
excipients as defined above. However, the dosage and mode of administration will 

10 depend on the individual. Generally, the medicament is administered so that the protein, 
polypeptide, peptide of the present invention is given at a dose between 1 //g/kg and 1 0 
mg/kg, more preferably between 10 //g/kg and 5 mg/kg, most preferably between 0.1 and 
2 mg/kg. Preferably, it is given as a bolus dose. Continuous infusion may also be used 
and includes continuous subcutaneous delivery via an osmotic minipump. If so, the 

15 medicament may be infused at a dose between 5 and 20 //g/kg/minute, more preferably 
between 7 and 1 5 //g/kg/minute. 

Another aspect of administration for treatment is the use of gene therapy to deliver the 
above mentioned anti-sense gene or functional parts of the PIGF gene, HIF-genes, 
VEGF-B gene or a ribozyme directed against the PIGF, HIF, VEGF-B mRNA or a 

20 functional part thereof or a genetic construct encoding a transdominant-negative mutant 
form of VEGF-receptors or a genetic construct encoding p14 ARF for HIF inhibition in 
particular. Gene therapy means the treatment by the delivery of therapeutic nucleic acids 
to patient's cells. This is extensively reviewed in Lever and Goodfellow 1995; Br. Med 
Bull.,51, 1-242; Culver 1995; Ledley, F.D. 1995. Hum. Gene Ther. 6, 1129. To achieve 

25 gene therapy there must be a method of delivering genes to the patient's cells and 
additional methods to ensure the effective production of any therapeutic genes. There are 
two general approaches to achieve gene delivery; these are non-viral delivery and virus- 
mediated gene delivery. 

30 In a particular embodiment short interference RNA molecules (siRNA) can be used for the 
manufacture of a medicament for treatment of adhesion formation. Said interference RNA 
molecules can be generated based on the genetic sequences of HIF and/or PIGF and/or 
VEGF-B. RNA interference (RNAi) is based on the degradation of particular target 
sequences by the design of short interference RNA oligo^s (siRNA) which recognize the 

35 target sequence (here HIF and/or PIGF and/or VEGF-B) and subsequently trigger their 
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degradation by a poorly understood pathway. In general siRNA duplexes are shorter than 
30 nucleotides, because longer stretches of dsRNA activate the PKR pathway in 
mammalian cells which results in a global a-specific shut-down of protein synthesis. The 
preparation and gene therapy vectors for the intracellular expression of siRNAs duplexes 
5 is disclosed in WO0244321 which is herein incorporated by reference. 

In another particular embodiment RNA aptamers can be used for the manufacture of a 
medicament for treatment of adhesion formation. Said RNA aptamers can be generated 
against HIF and/or PIGF and/or VEGF-B. Recently, RNA aptamers have been used as 
therapeutic reagents for their ability to disrupt protein function. Selection of aptamers in 

10 vitro allows rapid isolation of extremely rare RNAs that have high specificity and affinity for 
specific proteins. Exemplary RNA aptamers are described in U.S. Pat. No. 5,270,163 to 
Gold et al., Ellington and Szostak, "In vitro Selection of RNA Molecules That Bind Specific 
Ligands," Nature 346:818-822 (1990), and Tuerk and Gold, "Systematic Evolution of 
Ligands by Exponential Enrichment: RNA Ligands to Bacteriophage T4 DNA 

15 Polymerase," Science 249:505-510 (1990). Unlike antisense compounds, whose targets 
are one dimensional lattices, RNA aptamers can bind to the three dimensional surfaces of 
a protein. Moreover, RNA aptamers can frequently discriminate finely among discrete 
functional sites of a protein (Gold et al., "Diversity of Oligonucleotide Functions," Annu. 
Rev. Biochem. 64:763-797 (1995)). As research and therapeutic reagents, aptamers not 

20 only have the combined advantages of antibodies and small molecular mass drugs, but in 
vivo production of RNA aptamers also can be controlled genetically Such RNA expressing 
genes are usually smaller than protein-coding genes and can be inserted easily into gene 
therapy vectors. 

25 In yet another embodiment the invention provides a method for treatment of adhesion 
formation by administering a compound that inhibits the expression and/or activity of a 
hypoxia-induced gene wherein said hypoxia induced gene is selected from: a hypoxia 
inducible factor, placental growth factor and vascular endothelial growth factor-B. In a 
particular embodiment said compound inhibits the expression and/or activity of placental 

30 growth factor. In another particular embodiment said compound that inhibits the 
expression and/or activity of placental growth factor is selected from the list consisting of a 
nucleotide (antisense, siRNA, RNA aptamer), a small molecule, an antibody, a ribozyme, 
a transdominant receptor, a tetrameric peptide. 

In yet another embodiment the invention provides a method for treatment of adhesion 
35 formation by administering a compound that inhibits the expression and/or activity of a 
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hypoxia-ihduced gene wherein said hypoxia induced gene is a hypoxia inducible factor. In 
a particular embodiment said compound is selected from the list consisting of a nucleotide 
(antisense, siRNA, RNA aptamer), a small molecule, an antibody, a ribozyme, 
geldanamycin derivatives, barbituric acid analogues, inhibitory HIF polypeptides, tumour 
suppressor protein p14 ARF , a polypeptide designated as PR-1 1 . 

In yet another embodiment the invention provides a method for treatment of adhesion 
formation by administering a compound that inhibits the expression and/or activity of a 
hypoxia-induced gene wherein said hypoxia induced gene is VEGF-B. In a particular 
embodiment said compound is selected from the list consisting of a nucleotide (antisense, 
siRNA, RNA aptamer), a small molecule, an antibody, a ribozyme, a transdominant 
receptor, a tetrameric peptide. 

The following examples more fully illustrate preferred features of the invention, but are not 
intended to limit the invention in any way. All of the starting materials and reagents 
disclosed below are known to those skilled in the art, and are available commercially or 
can be prepared using well-known techniques. 
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Examples 

1 . The role of hypoxia inducible factors and placental growth factor in adhesion formation 
1 .1 Rabbit models and experiments on pneumoperitoneum induced adhesion formation 

5 In adult, female, New Zealand, white rabbits adhesions were induced and evaluated during 

laparoscopy. For the pneumoperitoneum 1 or eventually 2 insufflators (Termoflator®, Karl 

Storz, Germany) were used, 1 for C02 or helium and 1 for oxygen. The outputs of both 

insufflators were connected in a mixing chamber to obtain a homogeneous gas mixture. 

The gas was heated at 37° C (Optitherm®, Karl Storz, Germany) and humidified (Drager, 

10 Germany) to reduce the known effects of hypothermia (Ott DE: J Laparoendosc Surg 
1:183-186, 1991; Ott DE: J Laparoendosc Surg 1:127-131, 1991 and Puttick Ml, Scott- 
Coombes DM, Dye J, Nduka CC, Menzies-Gow NM, Mansfield AO, Darzi A: Surg Endosc 
13:572-575, 1999) and desiccation (Ryan GB, Grobety J, Majno G: Mesothelial injury and 
recovery. Am J Pathol 71:93-112, 1973). The intermittent delivery of gas by an insufflator 

15 induces small variations of pressure. They are crucial in small animals because over 
pressure can became lethal, and since a constant pressure is essential when the effect of 
insufflation pressure is the aim of the investigation. Therefore a water valve with a free 
escape of gas was used. The pressure setting in the insufflator was slightly higher than in 
the water valve knowing that all excess of gas would escape freely avoiding over 

20 pressures and maintaining a constant and uniform insufflation pressure. In order to 
maintain the predefined concentration of insufflation gas a continuous flow rate through the 
animal, using a 26-gauge catheter, was introduced (Fig. 1).The 1 st laparoscopic port (12 
mm), for insufflation and the endoscope, was inserted caudal to the xyphoides by open 
laparoscopy. After the establishment of the pneumoperitoneum the secondary ports (5 

25 mm) were introduced under direct laparoscopic vision. During a first surgery, standardised 
opposing lesions in uterine horns and pelvic sidewalls were performed with scissors or by 
bipolar coagulation or by C0 2 laser. After 7 days adhesions were scored during a second 
surgery assessing extent, type and tenacity. In the first study an inexperienced 
laparoscopic surgeon performed 50 consecutive surgeries to induce mechanical and 

30 bipolar lesions using C0 2 pneumoperitoneum at 5 mm of Hg. The pneumoperitoneum was 
stopped immediately at the end of the surgical procedure. Duration of surgery decreased 
(Spearman) from 12 ± 2 min in the first 10 surgeries to 8 ± 1 min in the last 10 
(P=0.0001). Simultaneously, total adhesion score decreased (Spearman) from 10 ±0.8 in 
the first 10 surgeries to 4.6 ± 0.5 in the last 10 (P=0.002). Duration of surgery and 

35 surgeon's experience, assessed by the consecutive number of surgery, however, 
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correlated so strongly that the effect of both could not be separated. It thus was not 
possible to know the contribution of inexperience of the surgeon and/or duration of surgery 
upon adhesion formation (Ordonez JL, Dominguez J, Evrard V, Koninckx PR; Hum Reprod 
12:2654-2657, 1997). Therefore the effect of the duration of C0 2 pneumoperitoneum was 
5 evaluated. Laser and bipolar lesions were performed in 5-6 min and the 
pneumoperitoneum was maintained for 10, 20, 30 and 60 min. Total adhesion score 
increased (Wilcoxon) from 3.2 ± 1 .9 after 10 min to 6.8 ± 2.4, 10.4 ± 2.6, and 14.4 ± 0.9 
after 20, 30 and 60 min respectively (P=0.001) (Fig. 2 A). Similar effects were observed for 
extent, type and tenacity adhesions scores. These data indicated that C0 2 

10 pneumoperitoneum was a co-factor in adhesion formation. In order to evaluate whether 
this was mediated by changes in pH or by mesothelial hypoxia, the effect of insufflation 
pressure, addition of oxygen and of helium, as insufflation gas, were investigated. In 
intubated rabbits bipolar and laser lesions were performed and C02 pneumoperitoneum 
was maintained during 30 min at 5 and 20 mm of Hg to evaluate the effect of insufflation 

15 pressure. Since in vitro studies showed more desiccation with higher flow rates 
(Yesildaglar N, Koninckx PR: Hum Reprod 15:687-691, 2000 and Yesildaglar N, Ordonez 
JL, Laermans I, Koninckx PR: Hum Reprod 14:55-59, 1999) a flow of 1 and 10 l/min 
through the animal was used to evaluate the effect of desiccation. Adhesion formation 
increased (two-way analysis of variance) with a higher insufflation pressure (P=0.002) and 

20 with a higher flow rate (P=0.0003) Yesildaglar N, Koninckx PR: Hum Reprod 15:687-691, 
2000) (fig. 3 A). Since higher insufflation pressures increases the compression of the 
capillary flow, these results are consistent with the finding that mesothelial hypoxia plays a 
key role in adhesion formation suggesting, at the same time, a role for desiccation upon 
adhesion formation. The addition of oxygen to the C02 pneumoperitoneum was evaluated 

25 using a mixture of C0 2 and oxygen at different proportions. Laser lesions were performed 
and pneumoperitoneum with 0, 1 , 2.5, 5, 10 and 20% of oxygen was maintained for 1 hour. 
Adhesion formation decreased (Wilcoxon) by adding oxygen and a maximal effect was 
observed at 5% of oxygen (P=0.0005) (Fig. 4 A). To rule out the effect of acidosis an inert 
gas, such as helium, was used. 100% C0 2 and helium for 10 and 45 min were used to 

30 evaluate the effect of insufflation gas and duration of pneumoperitoneum. Similarly, C0 2 
and helium with 0 and 4% of oxygen were used to evaluate the effect of insufflation gas 
and addition of oxygen. By two-way analysis of variance, adhesion formation increased 
with duration of C0 2 and helium pneumoperitoneum (P=0.0003) and decreased with the 
addition of oxygen (P=0.002) whereas no differences were found between C0 2 and helium 

35 (Molinas CR, Koninckx PR: Hum Reprod 15:1758-1763, 2000) (Fig. 5 A). Since 
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mesothelial hypoxia should be reduced by oxygen and should not be influenced by the 
kind of gas and since it is well known that both systemic (Fernandez-Cruz L, Saenz A, 
Taura P, Sabater L, Astudillo E, Fontanals J: Helium and carbon dioxide 
pneumoperitoneum in patients with pheochromocytoma undergoing laparoscopic 
5 adrenalectomy. World J Surg 22:1250-1255, 1998; Fitzgerald SD, Andrus CH, 
Baudendistel LJ, Dahms TE, Kaminski DL. Am J Surg 163:186-190, 1992; Fleming RY, 
Dougherty TB, Feig BW: Surg Endosc 11:230-234, 1997 and Junghans T, Bohm B, 
Grundel K, Schwenk W: Arch Surg 132:272-278, 1997) and local (Kuntz C, Wunsch A, 
Bodeker C, Bay F, Rosch R, Windeler J, Herfarth C: Surg Endosc 14:367-371, 2000 and 
10 West MA, Hackam DJ, Baker J, Rodriguez JL, Bellingham J, Rotstein OD: Ann Surg 
226:179-190, 1997) acidosis is caused by C0 2 but not by helium, these results strongly 
support the hypothesis that mesothelial hypoxia is a co-factor in adhesion formation. 

1.2 The Mouse model and experiments on pneumoperitoneum induced adhesion 
15 formation 

In adult, female, NMRI (Naval Medical Research Institute) mice adhesions were 
induced by laparoscopy and evaluated by laparotomy under microscopic view in order 
to assess similar variables than in the rabbit model. Since most insufflators have an 
intermittent delivery of gas, an elastic balloon was incorporated to the previously 

20 described set up to dampen pressure changes that are crucial for these small animals 
(Fig. 1). The endoscope with an outer sheath for insufflation (total diameter 3.2 mm) 
was introduced caudal to the xyphoides by open laparoscopy. Survival after different 
insufflation pressures and duration of pneumoperitoneum was evaluated in non- 
intubated and intubated mice. In non-intubated mice pneumoperitoneum was 

25 maintained for 10 min at 2.5, 5, 7.5, 10 and 15 cm of water and the survival was 100, 
100, 95, 85 and 60% respectively whereas no mortality was found when 
pneumoperitoneum was maintained up to 120 min at 2.5 cm of water (Yesildaglar N, 
Ordonez JL, Laermans I, Koninckx PR: Hum Reprod 14:55-59, 1999). In intubated 
mice pneumoperitoneum was maintained for 60 min at 5, 10, 15, 20, 25 and 30 cm of 

30 water and the survival was 100, 100, 100, 100, 90 and 90% respectively whereas no 
mortality was found when pneumoperitoneum was maintained up to 180 min at 15 cm 
of water (Molinas CR, Mynbaev O, Pauwels A, Novak P, Koninckx PR:. Fertil Steril 
76:560-567, 2001). For the induction of adhesions, after the establishment of the 
pneumoperitoneum, the 2 nd and 3 rd ports (14-gauge catheters) were introduced in the 

35 left and right flanks under laparoscopic vision. Standardised, opposing, linear lesions in 
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the anti-mesenteric border of uterine horns and in the pelvic sidewalls were performed 
by monopolar coagulation. After 7 or 28 days adhesions were evaluated by scoring 
extent, type and tenacity and by a quantitative measurement. In non-intubated mice 
C0 2 pneumoperitoneum at 2.5 cm of water was maintained for 5, 15, 30, 60 and 120 
5 min to evaluate the effect of duration of pneumoperitoneum. Adhesion formation 
increased progressively with duration of pneumoperitoneum (Fig. 2 B). To confirm this 
effect and to evaluate the effect of desiccation due to the flow rate though the animal, 
pneumoperitoneum was maintained for 5 and 60 min without flow and for 60 min with 1 
and 10 ml/min of flow rate. Adhesion formation increased (Anova) with duration of 

10 pneumoperitoneum (P<0.001) and with higher flow rates (P<0.001) confirming the 
observations in rabbits (Yesildaglar N, Ordonez JL, Laermans I, Koninckx PR: Hum 
Reprod 14:55-59, 1999). In intubated mice C0 2 pneumoperitoneum was maintained for 
10 and 60 min at 5 and 15 cm of water to evaluate the effect of duration of 
pneumoperitoneum and insufflation pressure. The effect of oxygen was assessed in 

15 detail adding 0.5, 1, 1.5, 2, 2.5, 3, 6, 9 and 12% of oxygen to C0 2 pneumoperitoneum. 
Additionally C0 2 and helium pneumoperitoneum with 0 and 3% of oxygen were used to 
evaluate the effect of addition of oxygen to different insufflation gases. The mixture of 
C0 2 or helium with oxygen was done with the Thermoflator Plus® (Karl Storz, 
Germany), an insufflator used in this study for the first time and developed on base of 

20 the promissory results obtained in the rabbit model. Adhesion formation increased with 
duration of C0 2 pneumoperitoneum and with high insufflation pressure (Fig. 3 B) and 
decreased with the addition of oxygen (Fig. 4 B). Indeed, half maximal reduction of 
adhesions was found at around 1.5% of oxygen whereas a maximal response required 
only 2-3% of oxygen. The addition of oxygen to C0 2 and helium pneumoperitoneum 

25 had similar effect in the reduction of adhesions (Fig. 5 B) (Molinas CR, Mynbaev O, 
Pauwels A, Novak P, Koninckx PR: Fertil Steril 76:560-567, 200). These data 
confirmed the observations in rabbits and support the hypothesis of mesothelial 
hypoxia as a driving mechanism. In the rabbit and mouse model it was observed that (i) 
the postoperative adhesion formation increases with the duration and the pressure of 

30 the C0 2 pneumoperitoneum, (ii) the increase in postoperative adhesions caused by 
C0 2 pneumoperitoneum can be prevented, at least partially, by using a mixture of C0 2 
and oxygen, (iii) similar effects upon postoperative adhesion formation are observed 
when Helium instead of C0 2 is used for the pneumoperitoneum. Adhesions increase 
with the duration of the pneumoperitoneum, and decrease after the addition of oxygen. 

35 
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1 .3 HIF and PIGF mouse models 

PIGF -/- has been detailed in Iyer, N.V. et al Genes Dev 12, 149-62 (1998); Carmeliet, P. 
et al Nature 394, 485-90 (1998); Ryan, H.E.., Lo, J. & Johnson, R.S. Embo J. 17, 3005-15 
(1998) and Carmeliet, P. et al. Nat. Med. 7, 575-83 (2001). 
5 The material and methods of HIF 1oc+/+ and HIF 1a+/- (50% Swiss, 50 % 129) mice and 
of HIF 2a+/+ and HIF 2a+/~ (87.5% Swiss, 12.5% 129) mice has been detailed in Iyer, 
N.V. et al Genes Dev 12, 149-62 (1998); Carmeliet, P. et al Nature 394, 485-90 (1998); 
Ryan, H.E.., Lo, J. & Johnson, R.S. Embo J. 17, 3005-15 (1998) and Carmeliet, P. et al. 
Nat. Med. 7, 575-83 (2001). 

10 

1 .4 Influence of HIF on post operative adhesion formation 

A series of experiments in wild type and knock out mice were performed on transgenic 
mice for HIF, such as HIF 1a+A, HIF 2a+/- in our laparoscopic mouse model. Adhesions 
were induced in uterine horns and pelvic sidewalls by linear monopolar and bipolar lesions 
15 of 10 watts. In all experiments the pneumoperitoneum was maintained for 10 min to 
evaluate the basal adhesions and for 60 min to evaluate the pneumoperitoneum-enhanced 
adhesions. Pure C0 2 at 20 cm of water (15 mm Hg) of insufflation pressure was used. 
After 7 days, adhesions were scored quantitatively and qualitatively by laparotomy. 

20 1.4.1 HIF 1a 

The experiment was performed in HIF 1a+/+ and HIF 1a+/- (50% Swiss, 50 % 129) mice. 
In HIF 1a+/+ mice adhesion formation increased with duration of pneumoperitoneum 
whereas in HIF 1oc+/- mice a slight reduction in basal adhesions was found with no further 
increase after .pneumoperitoneum. In HIF 1a+/+ mice the proportion of adhesions 
25 increased from 12 ± 2% after 10 min (n=5) to 19 ± 4% after 60 min (n=5) of 
pneumoperitoneum. In HIF 1a+/- mice, the proportion of adhesions were only 4 ± 0.2% 
after 10 min (n=5) and 6 ± 4% after 60 min of pneumoperitoneum (n=5). Similar results 
were observed for extent, type, tenacity and total adhesion scores. 

30 1.4.2 HIF 2a 

The experiment was performed in HIF 2a+/+ and HIF 2a+/- (87.5% Swiss, 12.5% 129) 
mice. In HIF 2a+/+ mice, adhesion formation increased with duration of 
pneumoperitoneum whereas in HIF 2a+A mice a reduction in basal adhesions was found 
with no further pneumoperitoneum enhancement. In HIF 2a+/+ mice the proportion of 
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adhesions increased from 26 ± 7% after 10 min (n=3) to 36 ± 7% after 60 min (n=3) of 
pneumoperitoneum. In HIF 2cc+/- mice the proportion of adhesions were only 9 ± 3% after 
10 min (n=5) and 14 ± 4.6% after 60 min (n=5) of pneumoperitoneum. Similar results were 
observed for extent, type, tenacity and total adhesion scores. 

5 

1.5 Influence of PIGF inhibitors on adhesion formation 

A series of experiments were performed in wild type and knock-out PIGF mice in our 
laparoscopic mouse model. Adhesions were induced in uterine horns and pelvic sidewalls 
by linear monopolar and bipolar lesions of 10 watts. In all experiments the 
10 pneumoperitoneum was maintained for 10 min to evaluate the basal adhesions and for 60 
min to evaluate the pneumoperitoneum-enhanced adhesions. Pure C0 2 at 20 cm of water 
(15 mm Hg) of insufflation pressure was used. After 7 days, adhesions were scored 
quantitatively and qualitatively by laparotomy. 

The experiment was performed in PIGF+/+ and PIGF-/- (50% Swiss, 50 % 129) mice. In 
15 PIGF+/+ mice adhesion formation increased with duration of pneumoperitoneum whereas 
in PIGF-/- mice a slight reduction in basal adhesions was found with no further increase 
after pneumoperitoneum. In PIGF+/+ mice the proportion of adhesions increased from 7 ± 
3% after 10 min (n=5) to 26 ± 5% after 60 min (n=5) of pneumoperitoneum. In PIGF-/- 
mice, the proportion of adhesions were only 5 ± 2% after 10 min (n=5) and 3 ± 1% after 60 
20 min of pneumoperitoneum (n=5). Similar results were observed for extent, type, tenacity 
and total adhesion scores. 



1.5.1 Antibodies against PIGF 

The experiment was performed 100% Swiss mice. All animals received every 2 days 
25 (days 0, 2, 4 and 6) an introperitoneal injection (20pg/mg dissolved in 200 pi) of one of the 
following immunoglobulins: mouse IgG (group I), mouse anti-PIGF (non neutralising: 
PLGE1G11) (group II), mouse anti PIGF (neutralising: PL17A10F12) (group III), mouse 
anti PIGF (neutralising: PL5D11D4) (group IV) and mouse anti PIGF (neutralising: 
PLGH12G5) (group V). In groups I and II the proportion of adhesions increased from 21 + 
30 3 % (n=5) and 1 6 ± 4% (n=5) after 1 0 min to 44 ± 7 % (n=5) and 39 + 7% (n=5) after 60 
min of pneumoperitoneum respectively. In group III a reduction in basal adhesions was 
found with no further pneumoperitoneum enhancement. The proportion of adhesions was 
11 + 3% after 10 min (n=5) and 12 + 5% after 60 min (n=5) of pneumoperitoneum. In 
group IV basal adhesions decrease significantly but a pneumoperitoneum enhancement 
35 was observed. The proportion of adhesions was 4 + 2% after 10 min (n=5) and 1 1 + 4% 
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after 60 min (n=5) of pneumoperitoneum. In group V no significant differences with groups 
I and II were found. The proportion of adhesions was 19 ± 4% after 10 min (n=5) and 34 
+ 7 % after 60 min (n=5) of pneumoperitoneum. In all groups similar results were 
observed for extent, type, tenacity and total adhesion scores. 

5 

2. The role of vascular endothelial growth factor-B in adhesion formation 
In the VEGF-B study, a laparoscopic mouse model permitting to evaluate basal adhesion 
formation and pneumoperitoneum-enhanced adhesion formation was used. We recognize 
that the so-called "basal adhesions" not only result from the peritoneal lesion inflicted with 

10 the electrocautery but also from the effect of the C0 2 pneumoperitoneum that was present 
albeit for 10 minutes only. "Basal adhesions" without any additional effect of C0 2 
pneumoperitoneum would require the shortest duration possible, the minimum insufflation 
pressure and some 3% of oxygen added to the C0 2 pneumoperitoneum, since adhesion 
formation decreases with shorter duration, lower pressure and with the addition of oxygen 

15 (Ordonez JL, Dominguez J, Evrard V f Koninckx PR. The effect of training and duration of 
surgery on adhesion formation in the rabbit model. Hum Reprod 1997;12:2654-7 - 
Yesildaglar /V, Koninckx PR. Adhesion formation in intubated rabbits increases with high 
insufflation pressure during endoscopic surgery. Hum Reprod 2000;15:687-91 - Molinas 
CR, Koninckx PR. Hypoxaemia induced by CO(2) or helium pneumoperitoneum is a co- 

20 factor in adhesion formation in rabbits. Hum Reprod 2000;15:1758-63 - Molinas CR, 
Mynbaev O, Pauwels A, Novak P, Koninckx PR. Peritoneal mesothelial hypoxia during 
pneumoperitoneum is a cofactor in adhesion formation in a laparoscopic mouse model. 
Fertil Steril 2001;76:560-7). In these experiments, for the evaluation of basal adhesions, 
the pneumoperitoneum was maintained for the minimum time required to perform the 

25 lesions (standardized at 10 minutes). We used, however, 100% C0 2 at 20 cm H 2 0 
because a lower pressure and the addition of oxygen, although theoretically better, would 
introduce additional variables, such as pressure and oxygen. Doing both controls was not 
feasible because of limited availability of transgenic animals. 

In this experiment twenty 100% C57BI/6J wild-type mice (VEGF-B +/+ ) (female, 10-12 
30 weeks old animals weighing 30-40 g) and transgenic mice deficient for VEGF-B (VEGF-B - 
'-) were used. As a control fifty 100% Swiss wild-type mice were used. VEGF-B' 7 " and wild- 
type mice were obtained from the Ludwig Institute for Cancer Research, Stockholm 
Branch, Sweden. The transgenic mice were generated as described Aase K. et al (2002) 
Circulation 104: 358-64. The animals were kept under standard laboratory conditions. 
35 (temperature 20°-22°C, relative humidity 50-60%, 14 hours light and 10 hours dark) at the 
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animals' facilities of the KUL. They were fed with a standard laboratory diet (Muracon.G, 
Carsil Quality, Turnhout, Belgium) with free access to food and water at anytime. The 
study was approved by the Institutional Review Animal Care Committee. 

5 2.1 Laparoscopic surgery for induction of intra peritoneal adhesions 

Laparoscopy and induction of adhesions were performed as described (Molinas CR, 
Mynbaev O, Pauwels A, Novak P, Koninckx PR. Peritoneal mesothelial hypoxia during 
pneumoperitoneum is a cof actor in adhesion formation in a laparoscopic mouse model. 
Fertil Steril 2001;76:560-7). A 3.5-mm midline incision was performed caudal to the 

10 xyphoides appendix and a 2-mm endoscope with a 3.3-mm external sheath for insufflation 
(Karl Storz, Tuttlingen, Germany) was introduced into the abdominal cavity. The 
endoscope, connected to a video camera (Karl Storz, Tuttlingen, Germany) and light 
source (Karl Storz, Tuttlingen, Germany), was secured in a holder. Because the mouse 
abdominal wall is very thin, a variable gas leakage, and thus a variable flow, through the 

15 abdomen occurred. Therefore, . the incision was closed gas tight around the endoscope 
with 6/0 polypropylene suture (Prolene, Ethicon, Johnson and Johnson Intl, Brussels, 
Belgium). For the pneumoperitoneum, the gas was insufflated through the main port with 
the Thermoflator Plus (Karl Storz, Tuttlingen, Germany) using heated (37° C; Optitherm, 
Karl Storz, Tuttlingen, Germany) and humidified (Aquapor, Drager, Lubeck, Germany) 

20 C0 2 as insufflation gas. An insufflation pressure of 17 mm Hg and a flow rate of 1.5 
l/minutes together with a water valve and an elastic balloon were used to ascertain a 
continuous insufflation pressure of 20 cm H 2 0 (= 15 mm Hg). The water valve and the 
balloon are necessary to adapt the flow rate to a mouse and to dampen the pressure 
changes during insufflation. Indeed, any excess of C0 2 freely escapes from the water 

25 valve, whereas pressure is maintained accurately in the water valve and pressure 
changes are minimized. Since the peritoneum has a large surface and high exchange 
capacity, theoretically some oxygen could diffuse from the circulation to the abdominal 
cavity. In order to ascertain continuously a constant 100% C0 2 concentration in the 
abdominal cavity the gas was continuously replaced. This was achieved by inserting a 26- 

30 gauge needle (BD Piastipak, Becton Dickinson, Madrid, Spain) through the abdominal 
wall, giving a continuous flow through the abdominal cavity of 10 ml/minutes at 20 cm 
H 2 0. After the establishment of the C0 2 pneumoperitoneum, two 14-gauge catheters 
(Insyte-W, Vialon, Becton Dickinson, Madrid, Spain) were inserted under laparoscopic 
vision in both right and left flank for the working instruments. The uterus was grasped in 

35 the midline with a 1.5-mm grasper and standardized 10-mm x 1.6-mm lesions were 
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performed in the anti mesenteric border of both right and left uterine horns by monopolar 
or bipolar coagulation (10 watts, standard coagulation mode, 10 seconds) (Autocon 350, 
Karl Storz, Tuttlingen, Germany). In addition, identical lesions were made in right and left 
pelvic sidewalls. The type of lesion in each side was randomly determined. Monopolar 
5 coagulation was performed with a homemade 1.6-mm ball electrode whereas bipolar 
coagulation was performed with a 1.6-mm probe (Bicap, Circon Corporation, Santa 
Barbara, CA, USA). Although in all previous experiments monopolar lesions induced more 
adhesions than bipolar lesions, the experimental design to induce adhesions is kept 
constant in order to facilitate comparison between the experiments and to detect eventual 

10 differences in the mechanism of adhesion formation between both lesions. In order to 
evaluate postoperative "basal adhesion formation" and "pneumoperitoneum-enhanced 
adhesion formation", the pneumoperitoneum was maintained for the minimum time 
needed to induce the peritoneal lesions (standardized at 1 0 minutes) or for a longer period 
(60 minutes), respectively. The secondary ports were removed after finalizing the 

15 peritoneal lesions and the incisions were closed. The first incision was closed at the end 
of the surgery. All incisions were closed in a single layer with 6/0 polypropylene suture 
(Prolene, Ethicon, Johnson and Johnson Intl, Brussels, Belgium). 

2.2 Experimental design 

20 The experiments were performed using block randomization by days. Therefore, one 
block of mice, comprising one animal of each group, was operated during the same day. 
Within a block the animals were operated in random order. In the experiment (n=20), 
basal adhesions and pneumoperitoneum-enhanced adhesions were assessed in VEGF- 
B +/+ mice (n=5 and n=5, respectively) and VEGF-B 7 ' mice (n=5 and n=5, respectively). 

25 

2.3 Results 

All animals survived the surgical procedures and all of them were available for adhesion 
scoring after seven days. Adhesions only formed between the injured visceral site and the 
pelvic fat or between the injured parietal site and the pelvic fat. No adhesions were 

30 observed at the site of the laparoscopic ports or at other sites. In all experiments 
monopolar lesions systematically induced more adhesions than bipolar lesions. Since no 
obvious differences were observed in the regulation of adhesions following monopolar or 
bipolar lesions, and in order to maximize statistical significance, only the means of both 
lesions are discussed in this invention. In VEGF-B wild-type mice, pneumoperitoneum 

35 enhanced adhesion formation (proportion: P=0.02; type: P=0.04; total: P=0.05). In 
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comparison with VEGF-B wild-type mice, basal adhesions were similar in VEGF-B"'" mice. 
In VEGF-B"'" mice, pneumoperitoneum did not enhance adhesion formation. Therefore, in 
comparison with VEGF-B wild-type mice, pneumoperitoneum-enhanced adhesions were 
obviously lower in VEGF-B"'* mice (proportion: P=0.05; type: P=0.03; total: P=0.05). 
5 This study confirms our previous finding that the pneumoperitoneum is a cofactor in 
adhesion formation since pneumoperitoneum-enhanced adhesions were observed in all 
wild-type mice used as control animals (Ordonez JL, Dominguez J, Evrard V, Koninckx 
PR. The effect of training and duration of surgery on adhesion formation in the rabbit 
model. Hum Reprod 1997;12:2654-7 - Yesildaglar N, Koninckx PR. Adhesion formation in 

10 intubated rabbits increases with high insufflation pressure during endoscopic surgery. 
Hum Reprod 2000;15:687-91 - Molinas CR, Koninckx PR. Hypoxaemia induced by C0(2) 
or helium pneumoperitoneum is a co-factor in adhesion formation in rabbits. Hum Reprod 
2000;15:1758-63 - Molinas CR, Mynbaev O f Pauwels A, Novak P, Koninckx PR. 
Peritoneal mesothelial hypoxia during pneumoperitoneum is a cofactor in adhesion 

15 formation in a laparoscopic mouse model. Fertil Steril 2001;76:560-7). To the best of our 
knowledge this is the first study demonstrating directly a role of VEGF-B in postoperative 
adhesion formation. Our results can be explained by postulating that pneumoperitoneum 
enhances adhesion formation, at least in part, through an up-regulation of VEGF-B. In 
VEGF-B" A mice basal adhesions were comparable with those in wild-type mice, 

20 suggesting that VEGF-B has no major role in basal adhesion formation. In these VEGF-B' 
mice adhesion formation did not increase following 60 minutes of C0 2 
pneumoperitoneum, demonstrating that the mechanism of C0 2 pneumoperitoneum- 
enhanced adhesions involves VEGF-B, which obviously cannot be up-regulated in these 
mice. 

25 

3. Scoring of adhesions 

A xyphopubic midline incision and a bilateral subcostal incision were performed and the 
whole abdominal cavity was explored during laparotomy seven days after the induction of 
adhesions as described (Molinas CR, Mynbaev O, Pauwels A, Novak P, Koninckx PR. 

30 Peritoneal mesothelial hypoxia during pneumoperitoneum is a cofactor in adhesion 
formation in a laparoscopic mouse model. Fertil Steril 2001;76:560-7). After the evaluation 
of port sites and viscera, the pelvic fat tissue was carefully removed and adhesions were 
blindly scored under microscopic vision using a qualitative and a quantitative scoring 
system. In the qualitative scoring system the following characteristics were assessed 

35 (modified from Leach) (Leach RE, Burns JW, Dawe EJ, SmithBarbour MD, Diamond MP. 
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Reduction of postsurgical adhesion formation in the rabbit uterine horn model with use of 
hyaluronate/carboxymethylcellulose gel. Fertil Steril 1998;69:415-8): extent (0: no 
adhesions; 1: 1-25%; 2: 26-50%; 3: 51-75%; 4: 76-100% of the injured surface involved, 
respectively), type{0: no adhesions; 1: filmy; 2: dense; 3: capillaries present), tenacity (0: 
5 no adhesions; 1 : essentially fall apart; 2: require traction; 3: require sharp dissection) and 
total (extent + type + tenacity). In addition, a quantitative scoring system was used as 
described by Holmdahl (Holmdahl L, al Jabreen M, Risberg B. Experimental models for 
quantitative studies on adhesion formation in rats and rabbits. Eur Surg Res 1994;26:248- 
56). This system has the advantage to be devoid of any subjective interpretation. It 
10 measures the proportion of the lesions covered by adhesions using the following formula: 
adhesions (%) = (sum of the length of the individual attachments/length of the lesion) x 
100. The results are presented as the average of the adhesions formed at the four 
individual sites (right and left visceral and parietal peritoneum with lesions inflicted by 
monopolar or bipolar coagulation), which were individually scored. 

15 

4. Statistics 

Statistical analysis was performed with the SAS System (SAS institute, Cary, NC, USA) 
using the non-parametric Kruskal-Wallis test to compare individual groups and Spearman 
correlation to evaluate association. All data are presented as the mean ± SE. 

20 

5. Anesthesia 

After the IM anesthesia with pentobarbital (Nembutal, Sanofi Sante Animate, Brussels, 
Belgium; 0.07 mg/g) the abdomen was shaved and the animal was secured to the table in 
supine position. Endotracheal intubation was performed with a 22-gauge catheter (Insyte- 

25 W, Vialon, Becton Dickinson, Madrid, Spain) by transillumination of the vocal cords as 
described (Molinas CR, Mynbaev O, Pauwels A, Novak P, Koninckx PR. Peritoneal 
mesothelial hypoxia during pneumoperitoneum is a cofactor in adhesion formation in a 
laparoscopic mouse model. Fertil Steril 2001 ;76:560-7). The catheter was connected to a 
mechanical ventilator (Rodent Ventilator, Harvard Apparatus, Holliston, MA, USA) and the 

30 animal was ventilated with room air with a tidal volume of 500 jjL and a respiratory rate of 
85 strokes/minutes. 
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Claims 

1. Use of a compound that inhibits the expression and/or activity of a hypoxia- 
induced gene for the manufacture of a medicament for treatment of adhesion 
formation wherein said hypoxia induced gene is selected from: a hypoxia inducible 
factor, placental growth factor and vascular endothelial growth factor-B. 

2. Use of a compound according to claim 1 that inhibits the expression and/or activity 
of placental growth factor. 

3. Use of a compound according to claim 2 selected from the list consisting of a 
nucleotide (antisense, siRNA, RNA aptamer), a small molecule, an antibody, a 
ribozyme, a transdominant receptor, a tetrameric peptide. 

4. Use of a compound according to claim 1 wherein said compound inhibits the 
expression and/or activity of a hypoxia inducible factor. 

5. Use of a compound according to claim 4 selected from the list consisting of a 
nucleotide (antisense, siRNA, RNA aptamer), a small molecule, an antibody, a 
ribozyme, geldanamycin derivatives, barbituric acid analogues, inhibitory HIF 
polypeptides, tumour suppressor protein p14 ARF , a polypeptide designated as PR- 
11. 

6. Use of a compound according to claim 1 wherein said compound inhibits the 
expression and/or activity of VEGF-B. 

7. Use of a compound according to claim 6 selected from the list consisting of a 
nucleotide (antisense, siRNA, RNA aptamer), a small molecule, an antibody, a 
ribozyme, a transdominant receptor, a tetrameric peptide. 
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SEQUENCE LISTING 

<110> VIB VZW 

<120> Tissue adesion formation control 

<130> VTB-033-PCT 

<150> GB 0202379.4 

<151> 2002-02-04 

<150> GB 0225128.8 

<151> 2002-01-29 

<150> GB 0201983.4 

<151> 2002-01-29 

<160> 1 

<170> Patentln version 3.1 

<210> 1 

<211> 11 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> PRll (a truncated form of PR- 3 9) 

<400> 1 

Arg Arg Arg pro Arg Pro Pro Tyr Leu Pro Arg 
15 10 
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